The chemotactic cytokine interleukin 8 (IL-8) is produced upon stimulation by various agents in many cell types, including connective-tissue fibroblasts. Tumor An earlier study described a set of genes activated by TNF in human fibroblasts (8). Some of the genes activated by TNF were also inducible by IFN-,3 or IFN-y. In contrast, IFN-,B or IFN-y inhibited the TNF-induced expression of one of these genes, termed TSG-1. Sequencing of the TSG-1 cDNA revealed that this gene was identical to the gene encoding an important inflammatory cytokine known as IL-8 or NAP-1 (8). IL-8 is a member ofthe family of8-to 10-kDa chemotactic cytokines that includes platelet factor 4, IP-10, Gro, macrophage inflammatory peptides 1 and 2, macrophage chemotactic and activating factor, and several others (reviewed in refs. 15 and 16). In the present study we investigated the inhibitory actions of IFN-13 on TNF-induced IL-8 gene expression in human fibroblasts. Our data indicate that IFN treatment leads to a selective depletion of IL-8 mRNA; this inhibitory effect correlates with a decrease in the rate of IL-8 mRNA transcription. The mechanism responsible for this action appears to be unique in that the inhibitory effect of IFN is established very rapidly and it is not diminished in the presence of inhibitors of protein synthesis, consistent with the idea that this effect is due to a transient modification of a preexisting factor.
TNF-induced IL-8 protein accumulation. Interestingly, the inhibitory effect was much less pronounced when IFN-(3 was added 21 hr before TNF. The inhibitory action of IFN-fl on IL-8 mRNA accumulation was undiminished in the presence of inhibitors of protein synthesis. Nuclear run-on assays demonstrated that IFN-fi caused a marked inhibition of TNF-induced IL-8 gene transcription; the transcriptional activation of several other TNF-induced genes was not inhibited by IFN-(3. The results suggest that the specific inhibition of the transcriptional activation of IL-8 by IFN is due either to a transient inactivation of a factor required for IL-8 transcription or to the activation of a selective inhibitory factor.
Cytokines exert most of their biological actions by altering the level of gene expression in target cells (1) . For example, exposure of cells to interferon a/,B (IFN-a/0) leads to rapid transcriptional activation of a characteristic set of genes (2, 3) . Other cytokines known to produce the activation of a common set of cellular genes are tumor necrosis factor (TNF) and interleukin 1 (IL-1) (4, 5) . The target genes activated by TNF or IL-1 partly overlap the genes activated by IFN-a/,8 or IFN-y (6) (7) (8) . Much less is known about the inhibitory actions of cytokines on gene expression. Expression of c-myc (9, 10) , c-fos (11) , immunoglobulin heavy-chain ,u mRNA (12) , lamins A and C genes (13) , and the mitochondrial genes encoding cytochrome b, subunit I of cytochrome c oxidase, and NADH dehydrogenase subunit 5 (14) was inhibited by treatment with IFN-a/13 or IFN-'y in some cells.
An earlier study described a set of genes activated by TNF in human fibroblasts (8) . Some of the genes activated by TNF were also inducible by IFN-,3 or IFN-y. In contrast, IFN-,B or IFN-y inhibited the TNF-induced expression of one of these genes, termed TSG-1. Sequencing of the TSG-1 cDNA revealed that this gene was identical to the gene encoding an important inflammatory cytokine known as IL-8 or NAP-1 (8) . IL-8 is a member ofthe family of8-to 10-kDa chemotactic cytokines that includes platelet factor 4, IP-10, Gro, macrophage inflammatory peptides 1 and 2, macrophage chemotactic and activating factor, and several others (reviewed in refs. 15 and 16) . In the present study we investigated the inhibitory actions of IFN-13 on TNF-induced IL-8 gene expression in human fibroblasts. Our data indicate that IFN treatment leads to a selective depletion of IL-8 mRNA; this inhibitory effect correlates with a decrease in the rate of IL-8 mRNA transcription. The mechanism responsible for this action appears to be unique in that the inhibitory effect of IFN is established very rapidly and it is not diminished in the presence of inhibitors of protein synthesis, consistent with the idea that this effect is due to a transient modification of a preexisting factor. The inhibitory effect of IFN-,3 on IL-8 transcription was maximal when IFN-13 and TNF were added simultaneously (Fig. 6B) . Addition of IFN-f3 2 hr before TNF diminished the inhibitory effect, and its addition 6 hr earlier abolished the effect. These results are in general agreement with the data shown in Fig. 4 , further illustrating that when IFN-/3 is added to cells prior to TNF, the inhibitory effect is relatively short-lasting.
MATERIALS AND METHODS

DISCUSSION
One characteristic feature of many cytokines is that their actions involve intricate interacting networks or cascades. In many instances the interactions are stimulatory; i.e., cytokines stimulate the production of other cytokines in the target cells (8, 24) . Less frequently, a cytokine network involves an inhibitory action on cytokine production (1). One such interaction, the inhibition of IL-8 production by IFN (8) , has been analyzed in the present study. The decrease in steady-state mRNA levels seen after IFN-p treatment was matched by a decrease in the IL-8 mRNA signal generated in the run-on assay, indicating an inhibition at the level of transcription. Most IFN actions are mediated by intracellular proteins induced by IFN in the target cells (20) (21) (22) . It seemed plausible that the inhibitory action on IL-8 transcription also could be mediated by IFN-induced protein(s). To begin to address the question whether an IFN-induced protein(s) is involved, we examined the action of IFN-P3 added at different times before TNF. The inhibition was the greatest when IFN-3 and TNF were added at the same time, and the effect on steady-state IL-8 mRNA levels (Fig. 4) or on IL-8 transcription (Fig. 6B) decreased with the increase in the time between IFN-,/ addition and TNF addition. The fact that the inhibition was marked when IFN-/3 and TNF were both present for only 2 hr, together with the rapidly diminishing effectiveness of IFN-f3 when it was added to cells before TNF, speaks against the involvement of IFN-j-induced protein(s). In addition, the inhibitory action of IFN-/3 on TNF-induced IL-8 mRNA levels was not reduced in the presence of inhibitors of protein synthesis, cycloheximide (Fig. 5) (Fig. 3) . One possible explanation is that in addition to inhibiting IL-8 mRNA transcription, IFN-,f also blocks IL-8 synthesis at a posttranscriptional, translational, or posttranslational level. It is not unusual for a single agent to inhibit the synthesis of a protein at more than one level (26) . That IFN-,3 also might destabilize IL-8 mRNA, in addition to inhibiting its transcription, was suggested by a rapid decrease in the IL-8 mRNA level seen when IFN-f3 was added to FS-4 cells 4 hr after TNF, despite the fact that in actinomycin D-treated cells IL-8 mRNA was stable for several hours (data not shown).
Although IFN-a/,8 and IFN-y are best known as activators of gene expression (20) (21) (22) , the IL-8 gene is not the only gene whose expression is inhibited by IFN. One gene on which IFN was shown to exert an inhibitory effect is c-myc in human lymphoblastoid (Daudi) cells (9, 10) . Whether this effect was due to an inhibition of transcription (10) or to a decrease in the stability of c-myc mRNA (9, 27) has not been fully resolved. It does not appear that the inhibition of c-myc expression and the inhibition of IL-8 gene expression are mediated by the same IFN-activated mechanism. The inhibitory action of IFN-a or IFN-,B on c-myc was seen in cells that were exposed to IFN for 20-48 hr (9, 10) . In contrast, the inhibitory effect on IL-8 mRNA diminished rapidly with the length of incubation of cells with IFN-f3 (Figs. 4 and 6B ).
Other genes whose expression was shown to be inhibited by IFN include the c-fgr (28) and c-fos (11) protooncogenes, immunoglobulin heavy-chain Au mRNA (12), lamins A and C genes (13) , and a set of mitochondrial genes (14) . Most of these systems differ from the one described here. Thus, the inhibitory effect on c-fos mRNA seen with IFN-y in murine macrophages, was found to be due to a decrease in mRNA stability and not to an effect on transcription (11) . The inhibitory action on heavy-chain ,u mRNA, seen with IFN-a in the Daudi lymphoblastoid cell line, was thought to occur at the level of termination and/or posttranscriptional processing of mRNA (12) . The inhibitory action of IFN-a/8 on the expression of several mitochondrial genes is different from our system in the unique nature of the target genes and in that the former inhibitory effect is completely blocked in the presence of cycloheximide (14) . The mechanisms of the inhibitory action of IFN on the expression of some other genes (13, 28) have not been analyzed, making a comparison with our data difficult.
We believe that the inhibitory effect on IL-8 synthesis represents a heretofore unknown mechanism of IFN action because (i) the inhibitory effect is on the induced, not constitutive, expression of a gene; (ii) the inhibition is pronounced at the level of transcription; (iii) establishment of the inhibitory action is unusually rapid and is not diminished in the presence of inhibitors of protein synthesis; and (iv) the modification brought about by IFN is short-lasting. In addition to the FS-4 line of human diploid foreskin fibroblasts, we demonstrated an inhibition of steady-state accumulation of TNF-induced IL-8 mRNA by IFN-,B in the WI-38 line of human diploid lung embryo fibroblasts (data not shown). An inhibitory effect of IFN-y on IL-8 production in human thymic epithelial cells was also reported (29) . However, several virus-transformed or tumor-derived cell lines, in which IL-8 mRNA levels were induced by TNF, proved refractory to the inhibitory action of IFN-f8 on IL-8 mRNA (data not shown). Hence, it appears that the mechanism responsible for the inhibition of IL-8 mRNA synthesis is not operative in most transformed cells. The most important function of IL-8 is thought to be its ability to recruit neutrophils and T lymphocytes to inflammatory sites (15, 16) . Both IFN-ci/3 and IFN-y can be produced at inflammatory sites inflammatory activity in animal models of delayed-type hypersensitivity (20) . These findings suggest that the inhibitory action of IFN-a/f3 and IFN-y on IL-8 synthesis may have pathophysiological significance in inflammation.
